Open access Position article and guidelines

Maximizing the value of phase III trials
in immuno-oncology: A checklist from
the Society for Immunotherapy of

00
*°" Journal for
... ImmunoTherapy of Cancer

To cite: Atkins MB, Abu-

Sheih H, Ascierto PA, et al.
Maximizing the value of

phase Ill trials in immuno-
oncology: A checklist from the
Society for Immunotherapy

of Cancer (SITC). Journal for
ImmunoTherapy of Cancer
2022;10:6005413. doi:10.1136/
jitc-2022-005413

Accepted 20 August 2022

| '.) Check for updates

© Author(s) (or their
employer(s)) 2022. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.

For numbered affiliations see
end of article.

Correspondence to
Dr Michael B Atkins;
mba41@Georgetown.edu

Cancer (SITC)

Michael B Atkins
Michael R Bishop,* Daniel S Chen
Marc S Ernstoff © ,® Robert L Ferris

Luca Mazzarella

Brian | Rini,"® Mario Sznol © 2°

ABSTRACT

The broad activity of agents blocking the programmed

cell death protein 1 and its ligand (the PD-(L)1 axis)
revolutionized oncology, offering long-term benefit to
patients and even curative responses for tumors that were
once associated with dismal prognosis. However, only a
minority of patients experience durable clinical benefit

with immune checkpoint inhibitor monotherapy in most
disease settings. Spurred by preclinical and correlative
studies to understand mechanisms of non-response to

the PD-(L)1 antagonists and by combination studies in
animal tumor models, many drug development programs
were designed to combine anti-PD-(L)1 with a variety

of approved and investigational chemotherapies, tumor-
targeted therapies, antiangiogenic therapies, and other
immunotherapies. Several immunotherapy combinations
improved survival outcomes in a variety of indications
including melanoma, lung, kidney, and liver cancer, among
others. This immunotherapy renaissance, however, has

led to many combinations being advanced to late-stage
development without definitive predictive biomarkers,
limited phase | and phase Il data, or clinical trial designs that
are not optimized for demonstrating the unique attributes of
immune-related antitumor activity—for example, landmark
progression-free survival and overall survival. The decision
to activate a study at an individual site is investigator-driven,
and generalized frameworks to evaluate the potential for
phase lIl trials in immuno-oncology to yield positive data,
particularly to increase the number of curative responses

or otherwise advance the field have thus far been lacking.
To assist in evaluating the potential value to patients and
the immunotherapy field of phase Il trials, the Society for
Immunotherapy of Cancer (SITC) has developed a checklist
for investigators, described in this manuscript. Although the
checklist focuses on anti-PD-(L)1-based combinations, it
may be applied to any regimen in which immune modulation
is an important component of the antitumor effect.

INTRODUCTION
Immunotherapy, specifically immune check-
point inhibitors (ICIs) directed against
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programmed cell death protein 1 and its
ligand (PD-(L)1), is now the backbone of
the standard of care for many tumors. For
patients with tumors that respond to anti-
PD-(L)1 therapy, prolonged duration of
response (DOR) or even delayed tumor
shrinkage is possible even after discontinua-
tion of therapy,'™ visualized as long eventfree
plateaus on Kaplan-Meier curves.®’ The long-
term responses seen with immunotherapy
contrast markedly with the other conven-
tional therapeutic pillars of medical oncology:
chemotherapy and targeted therapy, both of
which nearly universally lead to the eventual
emergence of resistant tumors.®?

Not all tumors respond to ICI mono-
therapy, and the currently available assays
for patient selection (eg, mutation burden/
microsatellite instability and PD-L1 expres-
sion) are indirect measures of the immune
susceptibility of tumors."” A substantial
unmet need exists in multiple malignancies
to enhance overall response rates (ORRs) to
ICIs and to develop and validate predictive
biomarkers of long-term benefit. Combi-
nation approaches involving anti-PD-(L)1
added to cytotoxic, targeted, antiangiogenic,
radiation, or other immune therapy have
been put forward as a key strategy to expand
the population of patients that benefit from
immunotherapy.u_13 Ant-PD-(L) 1-based
combinations have demonstrated improved
median overall survival (OS) and gained
regulatory approval for the treatment of
several including hepatocellular
carcinoma (HCC)," melanoma,"” non-small
cell lung cancer (NSCLC)," renal cell carci-
noma (RCC)," triple-negative breast cancer

tumors

BM)

Atkins MB, et al. J Immunother Cancer 2022;10:€005413. doi:10.1136/jitc-2022-005413 1

"yBuAdoa Aq paloalold 1sanb Aq 20z ‘0T |udy uo jwoo fwg-only:dny woly papeojumoq 220z Jaquialdas 62 Uo STHS00-2202-0U9STT 0T Se paysignd 11y Jsoued Jayjountiw| ¢


http://bmjopen.bmj.com/
http://orcid.org/0000-0003-3901-9924
http://orcid.org/0000-0002-8322-475X
http://orcid.org/0000-0001-5085-3579
http://orcid.org/0000-0002-7694-0731
http://orcid.org/0000-0002-8132-7069
http://orcid.org/0000-0001-6605-2071
http://orcid.org/0000-0002-0806-2535
http://orcid.org/0000-0002-6569-2912
http://orcid.org/0000-0002-5248-4356
http://orcid.org/0000-0002-4043-3279
http://orcid.org/0000-0002-2428-6109
http://orcid.org/0000-0003-4137-9662
http://crossmark.crossref.org/dialog/?doi=10.1136/jitc-2022-005413&domain=pdf&date_stamp=2022-09-29
http://jitc.bmj.com/

(TNBC)," and others. This immunotherapy renaissance
has also generated renewed interest in the immune mech-
anisms of action of conventional anticancer therapies,
revealing substantial potential contributions of adaptive
and innate immunity to the effects of chemotherapies,'* ™'
tumor-targeted therapies,”** and antiangiogenic thera-
pies.” Unfortunately, experience has shown that preclin-
ical evidence for combination synergy must be confirmed
in treated patients, given the inadequacy of most murine
models to recapitulate the organ-specific immune contex-
ture as well as the heterogeneity, immune editing, and
immune defenses of human disease.'” %’

No uniform method has been established to predict
the probability of success for individual clinical trials.
Aggregate strategies to forecast probability of success
based on historical attrition rates from phase to phase for
specific indications® or sponsors® have been described,
but these approaches provide incomplete information for
future prediction and fail to account for unique aspects
of immunotherapy drug development. Machine learning
approaches have been put forward that can identify
aspects of trial protocols and sponsor track-records as
important features in predicting success.””* These tools
are currently strictly exploratory, and in the absence of
validated predictive algorithms, the go/no-go decision
for phase III trials relies on expert opinion.

Except for a small number of combination regimens
in development, most will require randomized phase III
trials to demonstrate patient benefit and establish their
place in the treatment paradigm. Phase III trials are
time- and resource-intensive, and the cost associated with
late-stage studies has steadily increased. Although pivotal
trials for agents with substantial clinical benefit can be
conducted at lower costs compared with studies where
the effect sizes are marginal,” the overall number of new
approvals from the US Food and Drug Administration
(FDA) per billion inflation-adjusted dollars of research
and development spending has steadily decreased by
50% approximately every 9 years since 1950.** Today,
phase III trials are conducted by both pharmaceutical
sponsors and academic institutions. The studies designed
by pharmaceutical sponsors are most commonly designed
with short-term endpoints™ to support primary or supple-
mentary regulatory approval. The imperative to bring
drugs to market more rapidly, which benefits both the
sponsor and patients, may compromise efforts to answer
important questions, including accurate biomarkers for
patient selection, optimal biologic dose,” determination
of the optimal duration of therapy, and assessments to
determine durability of clinical benefit. For agents that
are already approved, phase III studies conducted by
pharmaceutical sponsors are often designed to expand
understanding of the clinical utility of a given agent (eg,
different lines of therapy, alternative combination regi-
mens) to further improve patient outcomes and broaden
the number of patients with cancer who can benefit from
the therapy. Studies designed by academic clinicians and
researchers, on the other hand, generally focus on the

discovery and/or evaluation of biomarker-based patient
selection, investigation of alternative schedules, optimi-
zation of the duration of therapy, and characterization
of the durability of clinical benefit. The complimentary
roles that industry and academic teams play, respectively,
are essential, and all within the cancer clinical research
community must work together to develop immuno-
therapy regimens in a way that maximizes not only their
short-term benefits, but also their curative potential for
patients with cancer.

The Society for Immunotherapy of Cancer (SITC)
recognizes the challenges in developing immunotherapy
combinations and has initiated various efforts to work
collaboratively with industry and academia to improve
the benefit to patients. These include initiatives to
promote the development of predictive biomarkers, and
to develop criteria for designing and interpreting phase
II and phase III immunotherapy-based clinical trials.
In this manuscript, SITC seeks to provide investigators
with a framework for selecting and prioritizing phase III
trials with immuno-oncology agents, focusing primarily
on anti-PD-(L)1 combinations, in order to optimally use
resources, improve patient outcomes, and more rapidly
bring the unique benefits of immunotherapy to a broader
population of patients with cancer.

DEFINITION OF VALUE IN PHASE Il CLINICAL TRIALS
The value of a clinical trial may have multiple defini-
tions, depending on the stakeholder using the term.
The financial value of a trial is typically defined as the
expected revenue for an investigational regimen minus
the costs for research and development, all multiplied by
the probability of successful regulatory approval. As many
as 50% of phase IIT oncology trials are unsuccessful,* *’
with lack of efficacy being the major reason for failure
in late-stage development.” Oncology trials are some of
the most expensive phase III studies, with estimated per-
patient costs of more than $100,000 USD.*® The cost of
a failed phase III study includes not only the resources
invested in the trial itself (including numbers of patients)
but also the time that could have been spent pursuing a
more effective strategy to improve outcomes for patients.

Other conceptions of value exist. From a patient
perspective, value may include more difficult-to-quantify
interactions between clinically meaningful benefit, out-
of-pocket healthcare costs, and effects on quality of life
(QOL).39 1 Effective anticancer treatments also benefit
society as a whole by allowing patients to return to being
productive contributors rather than having prolonged
chronic illness ultimately resulting in death. An added
facet of value that may be considered by investigators is
the potential for a trial to provide informative data on
biomarkers of response and resistance or for patient
selection in order to maximize likelihood of success for
future studies."'

For the purposes of this manuscript, the primary
consideration for determining the value of phase III
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trials is potential benefit to patients. Arguably, the
greatest benefit for an individual patient is durable
disease control and ideally a cure without the need for
further treatment. While short-term endpoints such as
progression-free survival (PFS) may be attractive to spon-
sors and investigators because of the ability to shorten the
duration of registrational trials and control for the impact
of additional therapy or off-trial crossover, patients, when
asked, place little value on treatments that delay disease
progression on imaging without helping them live longer
or improving their QOL.* Immunotherapy may also
prolong OS in the absence of, or in excess of, clinically
evident disease control (eg, ipilimumab,* sipuleucel-T,**
tebentafusp-tebn*”), which could represent a meaningful
advance in a particular disease state depending on the
magnitude of effect.

ASSUMPTIONS ON IMMUNOTHERAPY COMBINATIONS

The definition of an immune therapy or immune modu-
latory agent remains a matter of debate. For the purposes
of this manuscript, immunotherapy agents are defined as
any modality where the primary mechanism of antitumor
effect is mediated by an immune effector cell. In collo-
quial terms, immunotherapies treat the immune system
to kill cancer as opposed to treating the tumor itself. As
such, the secondary immune-mediated antitumor activity
for several anticancer agents (eg, antibody-dependent
cellular cytotoxicity in the case of trastuzumab** ** or
potential enhanced T cell recognition of tumors mediated
by BRAF inhibition®), is insufficient to consider these
modalities as immunotherapies in and of themselves.

The rationale for anti-PD-(L)1-based immunotherapy
is to tip the balance of the cancer-immunity interface®’
in favor of detection and elimination of cancer cells by
the immune system, despite ongoing immunoediting.*®
ICI therapy with anti-PD-(L)1 is thought to contribute to
tumor control via the reinvigoration and expansion of
tumor antigen-specific T cells, especially a memory stem-
like population expressing PD-1, SLAMF6, and TCF1.*"*
Despite intensive investigations, the mechanisms respon-
sible for the antitumor effects of anti-PD-(L) 1-based ICI
therapy remain incompletely defined. Certain biological
effects, for example, the PD-L1-mediated anti-apoptotic
‘molecular shield” function and direct regulation of
metabolism in tumor cells, may play a role in the activity
of pathway blockade in combination with direct tumor
cytotoxic agents.ﬁ‘r’_57 These T cell-independent effects
of PD-(L)1 blockade are poorly understood, and their
importance to clinical benefit is not known.

Clinical activity of anti-PD-(L)1 has been shown to
correspond with high tumor mutational load in several
settings, (particularly insertion/deletions, presumably
due to the likelihood of neoantigen production from
frameshifting mutations),” * expression of PD-L1 by
tumor and immune cells within the tumor microenvi-
ronment (TME),* ®! an interferon gamma (IFNy) gene
signature within the TME, the presence of intratumoral

lymph node-like structures® and a high frequency of
pre-existing clonally expanded tumor-specific CD8" T
cells relative to disease burden.”” ®* * The mechanisms
by which tumors avoid elimination after ICI treatment—
both intrinsic and acquired—are also incompletely
understood. Some features associated with non-response
to PD-(L) 1 blockade include a lack of neoantigens, upreg-
ulation of alternative checkpoints, silencing of antigen
presentation machinery, aberrant IFNy signaling in the
microenvironment, and exclusion of cytotoxic T cells or
all immune cells.”® % Notably, features of responsive-
ness and non-responsiveness may be disease-specific.

Combination approaches may enhance tumor responses
to anti-PD-(L)1 by augmenting neoantigen production
and/or presentation, = increasing CD8" T cell infiltra-
tion, proliferation, and survival,” inhibiting alternative
checkpoints or other immunosuppressive factors within
the TME,15 %970 and several other mechanisms that are
still actively being elucidated.'’ '* ™ 7 When combining
immune therapies with cytotoxic, antiangiogenic or
molecular-targeted agents, both direct antitumor effects
and secondary immune modulatory effects of the latter
agents may contribute to the overall clinical antitumor
effect, but the relative contribution of each component
cannot be distinguished clinically or with laboratory
correlative studies.'? '* ™ 7 Responses to combination
treatment approaches that do not include additional
immunotherapies may be less durable, as was the case with
anti-PD-1 plus BRAF/MEK inhibition in melanoma.” 7®
The most evident readout for approaches that induce
tumor antigen-specific T cells in the advanced disease
setting is the appearance of long rightward plateaus in
the tails of Kaplan-Meier PFS and OS curves,””" indica-
tive of prolonged patient benefit even after most patients
have stopped therapy.

ASSESSING POTENTIAL VALUE IN PHASE IlI TRIALS

For the purposes of this paper, the value of a trial is
primarily dependent on the potential benefit for patients
within the context of the particular patient population.
Also important is the possibility for the study to improve
outcomes for future patients. As such, the framework for
evaluating value includes assessment of the mechanism
and biology of the combination, phase I and phase II
data, trial design, and potential for impact. The frame-
work for assessing value is illustrated in figure 1.

Mechanism and biology

Preclinical data serve many purposes, including charac-
terization of pharmacokinetics and pharmacodynamics
of individual drugs and combinations, identification
of optimal doses of each drug in combination and
their potential schedule dependencies, exploration of
biomarkers, and identification of potential mechanisms
of resistance. When evaluating the preclinical data
supporting a planned phase III trial of an anti-PD-(L)1-
based combination regimen, activity as monotherapy,
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Mechanism and Biology

* Additive or
synergistic biology

* Validity of
pre-clinical models

Phase | and Il Data

* Single agent

* Single agent activity activity (clinical)

(preclinical and
early clinical) * Randomization in

phase Il

® Activity in standard studies
of care/PD-(L)-1
resistant tumors

® Activity in tumor types
that don’t typically
respond to PD-1
pathway blockade

* Responses are durable
(including off treatment)

* Agents have non-
overlapping toxicities

~—

Figure 1

Trial Design

* Translational

e Integrated
biomarker program

* Selection of

optimal endpoints

—

Phase Il
Clinical
Trial

Potential for Impact

Framework for evaluating planned phase Il trials in immuno-oncology. This framework assumes that fundamental

practical and institutional considerations for a study are satisfied and is intended to assess the immuno-oncology aspects of
a planned trial. The highest priority is placed on clinical data. If the preclinical and early clinical data are both unconvincing,
extreme caution is warranted before moving forward. Detailed descriptions for the evaluation and prioritization of individual

components of the framework are provided in the text.

Abbreviation: PD-(L)1, programmed cell death protein 1 and its ligand

interactions between the agents, and validity of the
models used are three key factors for consideration, as
summarized in box 1.

In the years after the 2009 publication of the Inter-
national Conference for Harmonization guideline on
non-clinical requirements for oncology therapeutics
development (ICH S9), the average number of non-
clinical studies performed and number of animals used
per development program has consistently trended
downward.® A 2021 systematic review of immuno-
therapy combination trials found that 72% of studies
lacked published data in more than one model system
supporting efficacy of the specific combination in the
target indication.”” Even though the FDA’s guidance
document on development of combinatorial regimens
states that preclinical data including appropriate animal
models and toxicology studies are required to assess the
potential of a multidrug indication,*’ many combination
trials of oncology drugs are initiated to empirically eval-
uate an agent in combination with a standard of care, and
often without scientific or preclinical evidence to support
the combination regimen.

Combination approaches may enhance response
rates via additivity or synergy or by independent action,

Box 1 Key considerations for preclinical and early

clinical data supporting planned phase Il studies of
immunotherapy-based combinations

Mechanism and biology for immunotherapy combinations
= Additive or synergistic biology.

= Validity of preclinical models.

= Single-agent activity (preclinical and early clinical).

where benefit at the population level occurs because
each patient has more than one opportunity for expo-
sure to one drug that will have meaningful antitumor
activity for them.”* Preclinical data should ideally show
that an investigational combination addresses a specific
mechanism responsible for non-response in the clinic,
which would ultimately enable a therapeutic antitumor
immune response, such as the observation of expansion
of effector CD8" T cells following combination ipilim-
umab plus nivolumab not seen for either single agent.”
It is further important to validate that the combination
does not restrain the activity of anti-PD-(L)1, which is a
distinct possibility for some T cell-ablative chemothera-
pies or small molecule inhibitors that block or restrain T
cell activation, signaling, and/or proliferation.

A major challenge for immunotherapy is the paucity
of preclinical models that faithfully recapitulate the
ongoing interplay between tumor and immune system
during human oncogenesis, progression, and metas-
tasis."” ¥’ Transplantable tumor models lack tissue-specific
immune contexture®® and genetically engineered induc-
ible tumor models have been shown to carry distinct
mutational signatures with lower neoantigen burdens
compared with human disease.” ™ New models such as
the NINJA mouse® with inducible expression of neoan-
tigens, may overcome some of these shortcomings. Also
promising are humanized mouse models co-engrafted
with human CD34" hematopoieticstem and precursor
cells and human leukocyte antigen (HLA)-matched cell
line-derived or patient-derived tumors.*® ¥ However,
genetically homogenous inbred mice that were raised in
sterile environments will never adequately account for
the profound variability in human patients nor the effects
of the microbiome on immunotherapy efficacy.®® The
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inclusion of veterinary models® in the preclinical port-
folio enhances the potential value for a planned phase III
trial; however, these studies are currently almost as diffi-
cult to conduct and interpret as human trials.

With improved mechanistic understanding of the path-
ways by which tumors exclude cytotoxic effector cells or
evade recognition and elimination, additional rational
combination approaches may be explored that include
agents without activity as monotherapies. In these cases,
it will be important to establish preclinical evidence that
the inactive agent modulates the immune microenvi-
ronment toward blockade or reversal of a critical and
non-redundant pathway of immune suppression or infil-
tration by tumor-antigen-specific T cells, with or without
the presence of an IFNY gene expression signature.59 65-68

Phase | and phase Il data

Data from early-phase trials provides the first evidence
that the mechanistic rationale from preclinical studies
translates into safe and effective treatments for human
patients. Several characteristics of ICIs are mismatched to
the traditional paradigm for phase I and phase II devel-
opment including a non-linear relationship between dose
and efficacy® ** ® and the potential for a poor concor-
dance between short-term objectives such as extending
median PFS, and the impact on long-term survival for the
entire population or a significant subset of patients.”” ™%
Effective assessment of immunotherapy agents in early-
phase studies is a major obstacle for the field'’ and
combinations are even more complicated to evaluate
in phase I due to patient heterogeneity, potential for
selection biases that exist at institutions with large phase
I programs, strong and variable monotherapy response
rates to PD-(L)1 inhibitors, and lack of prospective
randomization.

The design of the phase I and phase II studies follows
from the indication in which the investigational combi-
nation is being evaluated. With respect to likelihood of
success in subsequent phase III trials and overall impact,
priority should be given to combinations that demon-
strate activity in anti-PD-(L) I-resistant tumors or tumors
that do not typically respond to anti-PD-(L)1-based
therapy. Assessing activity in populations progressing on
prior anti-PD-(L)1 can be confounded by several factors
including late responses, lack of confirmed progression,
and variable mechanisms of resistance—selection of
patients for these trials has been addressed in a recently
published SITC manuscript.” Finally, toxicity data should
indicate that the combination will be tolerable, especially
in settings where the benefit of the combination relative
to the individual drugs given in sequence is merely addi-
tive. The key considerations for evaluating phase I and
phase II data are summarized in box 2.

The combination approaches that have been success-
fully developed to date have mostly included agents that
have activity as monotherapies. Examples of agents that
have been approved in combination with anti-PD-(L)1
include the anti-cytotoxic T lymphocyte antigen-4

Box 2 Key considerations for phase I/l data in planned

phase Il studies of immunotherapy-based combinations

Phase | and phase Il data for inmunotherapy combinations

= Single-agent activity (clinical).

= Randomization in phase II.

= Activity in standard of care/programmed cell death protein 1 and its
ligand (PD-(L)1)-resistant tumors.

= Activity in tumor types that do not typically respond to PD-1 pathway
blockade.

= Responses are durable (including off-treatment).

= Agents have non-overlapping toxicities.

(CTLA-4) checkpoint inhibitor ipilimumab,” antiangio-
genic agents," tumor cell-targeted small molecules,'” **
and chemotherapies.'® '®

This paradigm may not be absolute, however. The
anti-LAG3 checkpoint inhibitor relatlimab, which has
minimal to no activity as a single agent, was approved by
the FDA based on improved PFS for patients with previ-
ously untreated metastatic or unresectable melanoma
who were treated with relatlimab in combination with
nivolumab compared with those receiving nivolumab
alone in RELATIVITY-047.”* Compelling rationale for the
clinical development of relatlimab plus nivolumab was
provided by durable responses seen with the combination
in patients with melanoma whose disease had progressed
on prior anti-PD-(L)1 treatment.” This example stands
in contrast to the phase III ECHO-301/KEYNOTE-252
trial” evaluating the combination of pembrolizumab plus
the inhibitor of indoleamine 2,3-dioxygenase-1 (IDO-1),
epacadostat and the phase III PIVOT 10 001 trial”’ eval-
uating the combination of nivolumab plus the second-
generation interleukin-2, bempegaldesleukin—other
agents without activity as monotherapy. Importantly, no
biomarkers indicative of response to the combination
were described in early studies, nor was evidence of effi-
cacy in a population with tumors resistant to anti-PD-1
established before proceeding to phase III in either case.

In evaluating the early-phase data supporting a planned
phase III trial, particularly when evaluating combinations
in PD-(L)1 antagonist-naive populations, randomized
phase II studies may provide important information on
the likelihood of success in later stages. Historically, phase
I trials in oncology have been significantly less likely to
be designed with randomization and placebo controls
compared with other medical and surgical disciplines.”
Non-controlled phase II studies are at risk of leading to
phase III trials with little likelihood of demonstrating
benefit if data from earlier trials does not adequately esti-
mate the outcomes that patients would expect without
receiving the investigational intervention and if the
endpoints selected do not definitively measure antitumor
activity as compared with disease biology.” Both are true
for immunotherapy combinations.

Randomization should be encouraged in phase II not
only because it allows for more precise estimates of the

Atkins MB, et al. J Immunother Cancer 2022;10:€005413. doi:10.1136/jitc-2022-005413

5

"yBuAdoa Aq paloalold 1sanb Aq 20z ‘0T |udy uo jwoo fwg-only:dny woly papeojumoq 220z Jaquialdas 62 Uo STHS00-2202-0U9STT 0T Se paysignd 11y Jsoued Jayjountiw| ¢


http://jitc.bmj.com/

required effect size and sample size for definitive trials,'”’

but also because it reduces the potential for errors intro-
duced due to intertrial variability and non-representative
patient selection. A multi-arm, randomized phase II trial
with appropriate statistical assessment also provides the
opportunity to test for bona-fide interaction between the
components of a combination as opposed to independent
drug action, which could potentially be recapitulated by
giving the agents in sequence, or biomarker-based selec-
tion to identify the populations that derive benefit with
monotherapy.”* Because of the small size of random-
ized phase II trials, it is important to make sure there
are no major imbalances in the prognostic factors of
the two arms and to carefully assess the performance of
the control arm relative to the historical expectation. In
the randomized phase II CITYSCAPE study evaluating
the combination of atezolizumab plus the anti-TIGIT
tiragolumab in advanced NSCLC, the performance of
the control arm was much worse than what was seen in
the phase III IMpowerll0 study that led to regulatory
approval for atezolizumab monotherapy.'”’ The phase
IIT SKYSCRAPER trial subsequently failed to meet its PFS
endpoint.

Endpoints evaluated in phase II should also be rele-
vant to the immune mechanism of action of anti-PD-(L) 1
combinations, with consideration given to evaluation
of longer-term milestone survival'” or biomarker-based
measures of tumor response. Notably, the phase III
IMspirel50 trial evaluating the combination of atezoli-
zamab with vemurafenib and cobimetinib™ for the treat-
ment of BRAFmutant melanoma was not preceded by
a randomized phase II study—although this regimen
gained FDA approval based on an investigator-assessed
PFES endpoint, it has not gained acceptance in practice
due primarily to weak evidence of benefit by immune-
based clinical endpoints (ie, milestone PFS, durability of
response, and OS) relative to immunotherapy alone. A
similar triplet, spartalizumab with dabrafenib and trame-
tinib, did not demonstrate evidence of an immune effect
in a randomized phase II study and the phase III COMBI-I
trial evaluating the regimen was negative.”

Randomization in phase II may not be necessary if
the combination is being evaluated in tumors that are
resistant to the standard of care or for tumor types that
typically do not respond to anti-PD-(L)1 such as micro-
satellite stable colorectal cancer, soft tissue sarcomas, or
well-differentiated neuroendocrine tumors. The pivotal
study for atezolizumab in combination with bevacizumab
for the treatment of advanced HCC, IMbravelb0, for
example, was initiated based on response rates in the
phase I setting.'” For combination targeted and cytotoxic
therapies, proof of conceptin the form of a >20% increase
above the median historical response rate without the
experimental agent in phase II has been shown to enrich
for success in phase I1L.° Consideration should be given to
adaptive, biomarker-driven designs in phase II to stratify
patients based on known determinants of response to
anti-PD-(LL) 1 such as tumor mutation burden (TMB) and

PD-L1 status to determine if an investigational agent has
immune-enhancing effects in ‘cold’ tumors. Examples
of this strategy include the BIONIKK and INFORM?2
trials.'"* 1%

Master protocols or platform trials incorporating
adaptive design features to evaluate single drugs across
multiple populations, multiple drugs on a single popula-
tion, or complex multi-arm, multi-stage designs including
multiple treatments simultaneously are increasingly
being advanced. These trials are information-rich and
often include biomarker components for patient selec-
tion. Although the statistical power for these trials may
be reduced because of small sample size and frequent
crossover, the likelihood of exposing individual patients
to the best therapy may be increased because crossover
allows patients to receive subsequent treatments based
on initial responses.'”® Although these novel designs may
provide interesting exploratory evidence—especially
on biomarkers—several combinations that advanced
through adaptive trials have failed to demonstrate benefit
in phase III.

With long-term follow-up results emerging for the regis-
tration trials for immunotherapy combinations, it is now
apparent that many patients achieve years-long disease
control (remission or even cure) after cessation of treat-
ment. Among the 12 patients who completed 2 years of
pembrolizumab treatment for advanced non-squamous
NSCLC in KEYNOTE-021, for example, all had durable
response beyond 2 years, as reported by an estimated
3-year DOR rate of 100%.” Analysis of treatmentfree
survival (TFS, defined as the area between Kaplan-Meier
curves for time to protocol therapy cessation and time to
subsequent systemic therapy initiation or death) for the
patients with metastatic melanoma treated in CheckMate
067 demonstrated superiority for combination nivolumab
plus ipilimumab (11.1 months) versus either mono-
therapy (4.6 months with nivolumab and 8.7 months with
ipilimumab).'”” Similar results were seen for patients with
RCC treated with nivolumab and ipilimumab versus suni-
tinib in CheckMate 214 including in the International
Metastatic RCC Database Consortium (IMDC) favorable
risk population.'” Durable responses (lasting >1year) in
phase I and phase II trials may provide evidence that a
combination contributes to the establishment of immune
memory leading to tumor rejection.

Finally, the toxicity data from phase I and phase II trials
should be carefully scrutinized. While synergistic toxicity
of combinations is undesirable, the increase in toxicity
must be weighed against the potential benefit. The para-
digm for dose selection for cytotoxic chemotherapies all-
too often leads to inadequately characterized toxicities in
registrational trials for immunotherapies and molecularly
targeted agents.” Toxicities not predicted by preclinical
models may emerge in early-phase trials, such as the
unexpected hepatotoxicity seen with the combination of
vemurafenib and ipilimumab'” or the combination of
pazopanib with either pembrolizumab or nivolumab.'*'"!
The tolerability of immunotherapy agents administered
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as combinations may be radically distinct from the respec-
tive monotherapies. For example, standard doses of
nivolumab and ipilimumab could not be given concomi-
tantly in the phase I trial of the dual regimen for advanced
melanoma," although overall activity with dual immuno-
therapy exceeded that expected of either single agent
across dosing schedules. Active combinations may also
have distinct safety profiles in different patient popula-
tions, as was seen in the phase I CheckMate 012 trial eval-
uating nivolumab plus ipilimumab as firstline treatment
for advanced NSCLC'"? in which decreasing the dose and
frequency of administration of anti-CTLA-4 compared
with the melanoma indication was necessary to reduce
adverse events. Complicating matters further, reducing
the dose of a more active agent in order to accommodate
the toxicity of another agent in a combination may lead
to diminished benefit, as was seen in IMspirel50 where
vemurafenib was given at 720 mg in the atezolizumab arm
instead of the standard 960 mg dose used in the control
arm. No improvement was seen in PFS assessed by inde-
pendent review for the triplet regimen compared with
BRAF/MEK inhibition alone, possibly due to submaximal
activity of the immunotherapy component in the context
of the combination in addition to dose-dependent tyro-
sine kinase inhibitor (TKI) activity being worse than the
standard of care.”

Trial design
Robust preclinical and phase I/II data are necessary
but not sufficient for the success of later stage trials. In
order to maximize value to patients and the field, phase
III trials evaluating immunotherapy combinations should
be designed to account for the unique characteristics of
agents with immune mechanisms of action and to include
integrated translational studies that will provide informa-
tive data even if desired endpoints are not met. The key
considerations for trial design are summarized in box 3.

As discussed in the Assumptions on immunotherapy
combinations section, treatment with anti-PD-(L)1
is expected to lead to atypical patterns of radio-
graphic response, delayed separation of OS curves,
and long-term eventfree survival (EFS) in a subset of
patients.” * Because of these characteristics, traditional
clinical trial design schemes used for cytotoxic and tumor
or vasculature-targeted therapies may fail to adequately
demonstrate patient benefit for combinations involving
immunotherapies.

For most phase III trials in the advanced cancer setting,
evidence of benefit is based on a time-to-event primary

Box 3 Key considerations for trial design in planned

phase Il studies of immunotherapy-based combinations

Trial design for immunotherapy combinations
= Translational studies.

= Integrated biomarker program.

= Selection of optimal endpoints.

endpoint using a statistical design that assumes an expo-
nential distribution in which the hazard of an endpoint
event remains constant over time—thus also propor-
tional between two treatment groups over time—with
patients continuing to experience events. The delayed
clinical benefit and durable responses expected with
anti-PD-(L)1 can result in non-proportional hazards in
the treatment arms (with hazards for the treatment arms
actually crossing in some cases).""> '* As a result, typical
statistical models may be inappropriate or at least have a
loss of statistical power to demonstrate difference between
immunotherapy and control arms, and thus studies may
take considerably longer to reach the targeted number of
endpoint events for analysis.”® " ''®

The challenges for statistical design in immuno-
oncology underscore the importance of randomized
phase II data to inform phase III trial design, as discussed
in the Phase I and phase II data section. Although
requiring several years of follow-up in every phase II
immunotherapy trial to detect the emergence of a tail in
the survival curve would be an unreasonable prerequisite
for moving to phase III, milestone OS and PFS analyses at
shorter-term time points (eg, 12 and 18 months) and the
identification of patients with TFS can inform whether
the combination is displaying characteristics of immune-
mediated tumor control. With information from phase
II, appropriate statistical plans may be used to accom-
modate non-proportionality for immunotherapy trials,
such as weighted log-rank tests, piecewise exponential
distributions, or cure rate models.” 7 115117 Geatistical
methods to estimate treatment effects in the presence
of the experimental and control arms crossing have also
been published.""®'* Finally, results from randomized
biomarker-driven phase II trials also inform phase III
decisions between an enrichment/targeted, biomarker
stratified, or unselected design.'*' Randomized phase II
endpoints, however, must be interpreted in the context of
the agents being used in the combination and the disease
setting being treated—short-term endpoints such as ORR
may be less informative for combinations involving highly
active cytotoxic chemotherapies, for example.

Successful phase III oncology trials are more likely
to employ biomarker-driven patient selection.”” As
mentioned in previous sections, the identification and
validation of reliable biomarkers to predict clinical
benefit with anti-PD-(LL)1-based combinations remains
an unsolved challenge for the field. Validated surrogate
markers for benefit with immunotherapy and surrogate
endpoints for OS for drug development would greatly
streamline phase III trials.

The discovery and validation of immunotherapy
biomarkers is an ongoing priority for the field. Several
key considerations must be taken into account for
biomarker discovery trial design. Predictive biomarkers
may be identified in secondary analyses in randomized
clinical trials via interaction test between the treatment
and the biomarker in an appropriate statistical model.'**
It is important to differentiate between predictive and
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prognostic biomarkers either by the inclusion of a control
arm in biomarker discovery or confirmation within
a single-arm study of a clear effect of the therapy. The
tissue source for analysis must also be taken into account
(ie, metastatic lesion rather than primary) as well as the
timing for obtaining samples (ideally within 1 year of treat-
ment). In order to isolate the contribution of the immu-
notherapy component, it is important that biomarker
analyses exclude samples that have been exposed to inter-
vening therapy. Furthermore, the biomarker preferably
should be confirmed for an immunotherapy-only regimen
to rule out effects of a cytoablative or T cell-restraining
component of a combination. Finally, it is important to
analyze the interaction test between the biomarker and
an appropriate immunotherapy endpoint, such as TFS,
rather than short-term outcome measures.

Static and dynamic measures of tumor immune status
and response to treatment are needed and trial protocols
should specify when and how samples should be collected
as well as analyzed (ie, fresh or archival tissue; primary or
metastatic disease, including disease site; core biopsy or
resection, etc). Promising future areas for development
include molecular profiling to understand the tumor-
intrinsic microenvironment,” ® artificial intelligence-
based algorithms for analyzing fixed or even live tissue
specimens (eg, Graticule or Elephas platforms),'**'%°
blood-based biomarkers of disease burden such as
circulating tumor DNA (CtDNA),127 128 and functional
imaging to assess immune responses.'**"*! An example
of this approach is the exploratory analyses of the IMvigor
010 phase III study evaluating adjuvant atezolizumab
compared with observation for patients with operable
urothelial cancer that demonstrated positive ctDNA after
resection could serve as a prognostic marker to identify
the subgroup of patients most likely to have a chance of
benefit from an effective adjuvant therapy.'*

Durability of response after stopping therapy offers clin-
ical evidence that either all tumor was eliminated, or an
immunotherapy combination elicited immune memory,
as discussed in the Phase I and phase II data section.
Most clinical trials of immunotherapies mandate treat-
ment for 2 years or until disease progression, but some
patients may be able to stop therapy earlier if antitumor
immune memory has been established. In CheckMate
153, patients with previously treated advanced NSCLC
still receiving treatment at 1year were randomly assigned
to continue nivolumab until disease progression or
unacceptable toxicity or to stop therapy with the option
of on-study retreatment after disease progression.” In
exploratory analyses, median PFS was longer in the popu-
lation that continued nivolumab beyond 1year compared
with those that discontinued therapy. However, this study
did not formally investigate or stratify by response status
at random assignment and therefore patients who were
likely cured may have been included in the continuation
of therapy group. It will be important for future trials to
identify sensitive biomarkers for minimal residual disease
to identify patients who may safely discontinue treatment.

Patients who have elected to discontinue therapy after
12 months when no active disease is observed on CT
scan, positron emission tomography (PET)/CT scan, or
tumor biopsy had a post-discontinuation 3-year EFS rate
of 95% in a retrospective study,'™ and the prospective
ECOG EA6192 PET-Stop trial to validate this approach
is ongoing. These biomarker-based strategies should be
prioritized to identify regimens which produce lasting
antitumor immunity in the absence of ongoing therapy,
enabling survivors to stop oncology treatment and return
more fully to their precancer lives.

Neoadjuvant trials also offer a unique opportunity
to evaluate the potential efficacy of an investigational
regimen directly in the resection specimen. ICIs admin-
istered before surgery may induce a robust immune
response against a broad repertoire of tumor antigens
while the lesion is still in situ. Even with limited cycles,
ICIs administered in the neoadjuvant setting have been
demonstrated to elicit tumor antigen-specific T cells
and major pathologic responses.””* Lymphocytic infil-
tration, necrotic tumor, and antigen-specific T cells in
the resection specimen for a combination administered
in the neoadjuvant setting can offer direct evidence
for immune activity of a combination on a much more
rapid timeline than required for the emergence of a tail
on the survival curve in the metastatic setting. Caution
is warranted, however, in applying pathologic complete
response criteria developed for cytotoxic therapies to
combinations with an anti-PD-(L.)1 backbone, as distinct
histopathologic features are observed in resection speci-
mens after neoadjuvant treatment with immune agents.'”
Furthermore, although neoadjuvant pembrolizumab
plus chemotherapy did demonstrate improvements in
pathologic complete response rate and event-free survival
for patients with high-risk TNBC in KEYNOTE-522,'%!%7
the correlation between pathologic responses and OS
has not yet been established for immuno-oncology based
approaches, and may be confounded by the chemo-
therapy component.

Potential for impact

Provided the mechanistic rationale for a combination is
solid, the early-phase data supports safety and efficacy,
and the planned phase III trial is adequately designed,
the final feature that determines potential value is the
impact that the new regimen would have for patients and
the field should it gain approval. Several of the consid-
erations described in the previous sections also factor
into the assessment of potential for impact, including
the inclusion of correlative and translational studies to
help understand the biology and early integration of the
biomarker program.

The measure of potential impact that seems most
straightforward to assess is unmet medical need, however,
definitions of this term vary substantially among stake-
holders and are inconsistently applied.'™ Historically,
unmet medical need has been used to describe a clin-
ical setting with few treatment options and poor survival
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outcomes. An analysis of 237 indications described by
investigators in publications as ‘unmet medical need’
included nearly 100 instances where the disease inci-
dence was 1,000-10,000 cases per year and 5-10 National
Comprehensive Cancer Network (NCCN)-recommended
regimens were available with 5-year survival rates of 50%
or greater.'” For the immunotherapy field, substantial
unmet medical need exists for effective options to treat
tumors that either do not respond or respond initially
and then progress after firstline anti-PD-(L)1-based
regimens.10

The design of second-line immunotherapy combi-
nation trials is further complicated when the firstline
therapy includes anti-PD-(L)1, as it is difficult to differ-
entiate bona-fide activity of a new agent from a ‘long tail’
from prior therapy. Combinations that render immune-
excluded and immune desert tumors susceptible to infil-
tration and elimination by cytotoxic T cells would also
fulfill an unmet need. As an example, the SWOG1616 trial
is evaluating the addition of ipilimumab to nivolumab
versus ipilimumab alone for patients with melanoma
who have exhibited progressive disease on anti-PD-(L)1
monotherapy based on the hypothesis that anti-CTLA-4
will augment inadequate T cell infiltration and that
the tumor-specific infiltrating T cells will require PD-1
blockade in order to stay active.'*” Similar rationales are
provided for combinations exploring intratumoral injec-
tions of oncolytic virus or toll receptor agonists together
with PD-(L) 1 pathway blockade.

In evaluating the landscape of competing trials to
assess unmet need, it is important to consider the magni-
tude and type of efficacy expected for an investigational
combination. Additionally, patient-centered concepts of
value® * should be taken into account such as the poten-
tial for an investigational combination to offer disease
control and even treatment-free remissions, with fewer
detrimental impacts on QOL compared with the standard
of care option or to reduce direct and indirect aspects of
the financial burden of cancer care.

A TOOL FOR INVESTIGATORS TO EVALUATE PHASE lII
IMMUNOTHERAPY COMBINATION TRIALS

Based on the principal components for assessing poten-
tial value of phase III immunotherapy clinical trials
described in the preceding section, a checklist for priori-
tizing planned phase III trials evaluating immunotherapy
combinations is provided in table 1. Importantly, this
checklist assumes that fundamental practical and insti-
tutional considerations for a study are satisfied (eg, the
study is adequately powered, ethical approval is granted,
funding is available, etc). The main purpose of the check-
list is to enhance the likelihood of success based on the
immuno-oncology aspects of a trial. Individual items on
the checklist are categorized based on the application to
preclinical, early clinical, or trial design considerations
and assigned a level of priority to assist investigators in
determining if the portfolio of supporting data and

planned design are adequate to move forward to phase
II1.

The highest priority (level I) is placed on clinical
data. Evidence for efficacy in a well-designed random-
ized phase II study where the contribution of individual
components to activity is clearly defined may be sufficient
to move forward to phase III even if the preclinical port-
folio is lacking. This is especially true for combinations
involving dual immunotherapies. By contrast, a combi-
nation lacking data from a randomized phase II would
be more compelling with evidence of antitumor activity
in multiple preclinical models, a well-defined immune
mechanism of action, and a predictive biomarker to
allow for selection of patients. If the preclinical and early
clinical data are both unconvincing, extreme caution is
warranted in moving forward to phase III.

To apply the checklist, an investigator considers the
gestalt of high-priority and low-priority items satisfied
by the combination. Generally, compelling data from a
randomized phase II trial alone may be sufficient, whereas
multiple trial design or preclinical parameters are neces-
sary to support moving forward to phase III.

Considerations for hematologic malignancies

Anti-PD-(L)1 therapy is a relatively minor component
of the armamentarium for hematologic malignancies,
although pembrolizumab and nivolumab have both
demonstrated efficacy for the treatment of relapsed and
refractory Hodgkin lymphoma.141 12 The checklist or a
modified version may still be applied to evaluate potential
value of phase III trials for hematologic malignancies, even
when the backbone agent is not an ICI. Furthermore, the
immunotherapies that are most commonly deployed in
the treatment of hematologic malignancies may represent
the next frontier for immune-unresponsive solid tumors.
Multispecific antibodies'* and chimeric antigen receptor
T cell therapies'** '* are actively being developed for the
treatment of solid tumors. The ability to sample hemato-
logic cancers at the single-cell level has also allowed resis-
tance mechanisms for these modalities to be studied more
directly.146 M7 Lessons learned from hematologic malig-
nancies will be paramount as these approaches advance
through development for solid tumors, for example, the
paradigm of a shorter intense induction treatment plan
leading to off-therapy control as well as sensitive methods
for evaluating minimal residual disease.

FUTURE DIRECTIONS TO MAXIMIZE VALUE IN PHASE Iil
IMMUNOTHERAPY COMBINATION TRIALS

Several —anti-PD-(L)I1-based immunotherapy combi-
nations are now integrated into the standard of care
for solid tumors, and the pace of development is not
expected to slow. However, it must be emphasized that
a positive result in phase III does not guarantee mean-
ingful benefit to patients.” '**'* For example, statistical
significance does not always correlate with clinical signif-
icance. Furthermore, for studies designed with PFS as
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Table 1 A checklist for assessing planned phase Ill immunotherapy combination trials

Checklist item

Explanation

Priority level
(I, I, or lll, with | being
the highest)

Mechanism and biology
Additive or synergistic biology

Validity of Preclinical Models

Single-agent activity (preclinical)

Phase | and Il data

Single-agent activity (early clinical)

Randomization in phase I

Activity in standard of care/anti-PD-(L)1-
resistant tumors

Activity in tumor types that typically do not
respond to PD-1 pathway blockade

In preclinical studies, mechanisms of the combination are well
understood and address mechanisms of non-response to either
agent (most importantly of the most active agent), which are
documented or highly plausible in a substantial proportion of the
intended patient population

Evidence of antitumor activity in multipl preclinical models,
which is clearly superior to eaither single agent alone (immune
competent, HLA matched, humanized if possible or veterinary
models)

The combination partner for anti-PD-(L)1 shows single-agent
activity (and if not, an immunotherapy is demonstrated to actually
enhance an immune response)

Pharmacodynamic data or neoadjuvant and correlative studies
show that the combination (or the single agent being added to
anti-PD-(L)1) has the intended immune or biological effect, and
that the combination is working as an immunotherapy as the
mechanism for antitumor efficacy

The combination demonstrates increased activity (ORR/PFS/OS)
in a well-designed randomized phase Il trial, and clearly identifies
the contribution of the anti-PD-(L)1 combination partner

The combination demonstrates convincing antitumor activity

(ie, a combination of CR/PR/prolonged SD that exceeds 25% or
clinically substantial increases in PFS or OS compared with very
well-matched historical controls from large databases) in patients
with clearly documented SOC-resistant/refractory tumors in which
continuing or introducing anti-PD-(L)1 alone would produce no
more than 0%-5% clinical activity (and the combination partner
also has minimal activity)

The combination displays antitumor effects in tumor types
unresponsive to 10 therapy (eg, prostate cancer, MSS colon
cancer, ER+ breast cancer, hematologic malignancies) and the
properties of the response indicate that the activity is immune-
mediated (ie, survival curves plateau)

Responses are durable (including off treatment) A substantial proportion of the responses observed with the

Agents have non-overlapping toxicities

Trial design

Translational studies

Integrated biomarker program

Stop therapy

combination in phase | and Il trials are prolonged (exceed 1 year)
and/or are complete or near complete, and treatment can be
discontinued without relapse in most of the responders

The combination has tolerable and manageable adverse effects,
avoiding overlapping/synergistic toxicities —benefit to risk is
acceptable

The clinical trial includes tissue collection (eg, baseline tumor and
blood, and on-study tissue sampling) which can be used (within
the trial or for future investigation) for informative correlative
studies to understand tumor biology and mechanisms of response
and resistance

Predictive biomarkers can be used that allow selection of patients
most likely to benefit from the combination

The trial mandates a stop in therapy (perhaps based on a
predetermined biomarker such as ctDNA) to determine if durable
responses persist

11l
(depending on validity of
model, extent of activity)

| (if 10/10)
Il (if other combination)

| (if 10/10)
Il (if other combination)

Il

(depending on setting:
may be higher for anti-
PD-(L)1-resistant tumors)

CR, complete response; ctDNA, circulating tumor DNA; ER, estrogen receptor; HLA, human leukocyte antigen; IO, immuno-oncology; MSS,
microsatellite stable; ORR, overall response rate; OS, overall survival; PD-(L)1, programmed cell death 1 and its ligand; PFS, progression-free
survival; PR, partial response; SD, stable disease; SOC, standard of care.
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the primary endpoint, successful prolongation of PFS is
not always associated with prolonged survival,” nor does
not necessarily improve QOL."™ ! The optimal phase
III trial is well-sized for the analysis of OS and captures
measures that are particularly important for immuno-
therapies, such as DOR and TFS." Because continuous
treatment may not be necessary to affect a long-lasting
immune response, limited durations of therapy should
also be studied to evaluate the durability of immune-
mediated tumor control. To this end, it is recommended
that clinical definitions should be established to define
when a treatment effect is considered durable and when
therapy can safely be stopped.

Trials evaluating immunotherapy combinations should
ideally include comparisons to arms in which the agents
are given in sequence to assist in ruling out the possi-
bility for independent drug action,”* especially when
one component of a combination may suppress anti-
tumor T cell responses. The phase III DREAMseq trial
demonstrated superior OS and ORR when patients with
stage III-IV BRAFmutant melanoma received ipilim-
umab plus nivolumab followed by dabrafenib plus trame-
tinib at disease progression compared with the inverse
sequence,'” and the phase Il SECOMBIT trial also found
favorable survival outcomes with an immunotherapy-
first sequence.'” The INSIGNIA trial (EA5163/S1709)
is studying whether pembrolizumab alone as a firstline
treatment followed by pemetrexed and carboplatin with
or without pembrolizumab after disease progression is
superior to induction with pembrolizumab, pemetrexed
and carboplatin followed by pembrolizumab and peme-
trexed maintenance for the treatment of stage IV NSCLC.
Future studies should continue to address the effect of
sequencing.

The identification, validation, and integration of
biomarkers for response prediction and evaluation
are also high priorities for future combination trials.
The inclusion of biomarker-based patient selection is
not only predictive of phase III studies leading to FDA
approval,®® % *"*! but also may provide value for patients
by helping select treatments with the greatest likelihood
of benefit. Furthermore, biomarkers may also assist in
‘right-sizing’ therapy by identifying patients who have
been cured and may safely discontinue treatment. As
discussed in the Trial design section, patients with no
evidence of active disease by PET/CT and tumor biopsy
have been demonstrated to achieve durable EFS after
discontinuation of therapy."” Further biomarker vali-
dation is needed to identify patients who may benefit
from immunotherapy—such as the use of ctDNA'* as
well as sensitive surrogate markers for early response, for
example,'*? 1%

Future iterations of the checklist may include numerical
values associated with each item, enabling investigators
to weigh potential value and directly compare planned
phase III trials based on a score. In order to objectively
weigh each criterion, it will be necessary to perform retro-
spective and prospective analyses with multiple variations

of experimental combinations of values. Simulation-based
approaches may accelerate this undertaking. Similar to
biomarker validation, receiver operating characteris-
tics analysis will be necessary to evaluate the predictive
power of the checklist, if converted into a quantitative
instrument. Such an undertaking, although important, is
beyond the scope of this manuscript, which is intended
to provide the conceptual and theoretical framework for
the checklist.

CONCLUSION

The advent of anti-PD-(L.)1 ushered in a new era for
oncology and transformed the outlook for tumors
that were once almost universally fatal. Combinations
involving anti-PD-(L)1 plus chemotherapies, tumor-
targeted therapies, and blockade of additional immune
checkpoints have all demonstrated superior response
rates and survival outcomes compared with ICI mono-
therapy in some disease indications, expanding the popu-
lation of patients who derive benefit with immunotherapy.
Not all agents offer enhanced benefit when administered
in combination with anti-PD-(L)) 1 and a surfeit of combi-
nation trials with shaky mechanistic rationale, weak data
from phase I and phase II, and inadequate design to
evaluate agents with immune mechanisms of action is of
low value to the immunotherapy field and to patients. To
maximize the return on investment for phase III trials
and increase the likelihood that patients will benefit, go/
no-go decisions should be based on a rigorous framework.
SITC urges widespread adoption of the checklist tool for
assessing potential value in phase III studies to maximize
the return on investment in terms of financial, time, and
human costs for late-stage oncology trials and ultimately
offer improved outcomes to patients with cancer.
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